Skin concentrations of topically administered compounds need to be considered in order 2 to evaluate their efficacies and toxicities. This study investigated the relationship 3 between the skin permeation and concentrations of compounds, and also predicted the 4 skin concentrations of these compounds using their permeation parameters. 14 The calculated concentration-depth profiles of the SC and VED were almost identical to 15 the observed profiles. The compound concentration at each depth could be easily 16 predicted in the skin using diffusion equations and skin permeation data. Thus, this 
site of action enables a high precision prediction for their efficacies and toxicities.
10
Two main sites of action have been identified for compounds that are absorbed 11 into the body through the skin. One is sites apart from the skin while the other is the 12 skin itself. In the former case, a compound is absorbed through the skin and then Moreover, blood concentration-time curves can be predicted using skin permeation On the other hand, the importance of the skin concentration is greater than that cosmetics. Therefore, the concentration at each skin depth is needed in order to 10 evaluate the efficacy and safety of topically active compounds.
11
The skin concentrations of compounds have been measured using various The pH values of the surface (SC for full-thickness skin and viable epidermis 6 for stripped skin or full-thickness skin after tape-stripping) and dermis sides of the skin 7
were measured before and after skin permeation experiments by a Skin-pH meter 8 (Derma Unit SCC3; Courage+Khazaka Co., Cologne, Germany). 
LID concentration-depth profile of VED

14
After skin permeation reached a steady state, the donor solution was removed 15 and both the SC and VED sides were washed with PBS. The SC was removed by 16 tape-stripping and the remaining VED was frozen using dry ice. The frozen VED was immediately under the SC, was high more than 10 times of that in next slices, it was 7 considered to be the insufficient SC removal and excluded from the data. The HPLC system (Shimadzu; Kyoto, Japan) consisted of a system controller permeation (C sc,ss ) can be represented by
where C v is the applied concentration of the penetrant in the vehicle, K sc is the partition 10 coefficient from vehicle to the SC, P tot and P ved are the permeability coefficients through 11 full-thickness and stripped skin, respectively, and L sc is the thickness of the SC.
12
The steady state concentration of the penetrant at position x in the VED (C ved,ss , was calculated from equations (2) and (3) using the fixed values of skin permeation Table 1 . The parameter values for pH 7.4 were similar to those for pH 10.
6
When these values were compared with those for pH 5.0, P tot and K tot were 52 and 81 7 times higher, respectively. The similar tendencies were observed in P ved and K ved values, The pH values of the surface (SC for full-thickness skin and viable epidermis 16 for stripped skin or full-thickness skin after tape-stripping) and dermis sides of the skin 17 before and after permeation experiments are listed in were predicted at pH 7.4 because of the low skin permeability observed at pH 5.0 and 5 changes in skin pH at pH 10. and plotted with the calculated values in Fig. 3 . The calculation was performed using corresponding permeation experiments through full-thickness and stripped skins (Fig. 2 ),
10
were used in the calculation using equation (3) . The thickness of the VED was 11 different among skins, which was similar to that observed in the SC; therefore, the raw skin, which was constructed by combining the data in Fig. 3d with those in Fig. 4f .
3
The concentration gradient was significantly higher in the SC than in the VED. The profile was a typical one of the two-layered skin model shown in Fig. 1 . 1988) are required in the viable epidermis in order to inhibit melanin production.
16
Vitamin A has been shown to improve blood flow (Kligman, 1989 ) and, thus, its concentrations of active compounds in the skin, especially the target tissue, is of 1 importance.
2
LID is mainly used as an antiarrhythmic or topical anesthetic, and transdermal 3 tape has also been developed for the treatment of neuralgia and numbness in the limbs. form of LID in the donor solution (Fig. 2) . When the compound exists as unionized 14 and ionized compound forms, the total permeability coefficient (P) can be described as significantly lower skin permeability of the ionized form than of the unionized one.
5
The SC, which is the main permeation barrier of full-thickness skin, is considered as a 6 lipophilic membrane; therefore, permeation through the SC may be difficult for ionized regardless of the applied donor solutions (Table 2) , and both the unionized and ionized
10
forms of LID permeated through these layers. On the other hand, the difference in 11 LID permeated from donor solutions having various pH values was lower for stripped 12 skin than for full-thickness skin (Fig. 2) ; therefore permeation of ionized LID cannot be 13 ignored for stripped skin.
14
The LID concentration-depth profile for full-thickness skin ( 
2
The concentration ratio of the surface against the dermis side of the SC was 0.061 ( Fig.   3 3), while the permeability coefficient ratio was 0.056 (Fig. 2, Table 1 ). Based on the Although skin permeation parameters were obtained from animal experiments 10 in the present study, these parameters can be predicted using the physicochemical 
15
In the present study, LID, which is relatively lipophilic, was used as the model non-steady state permeation are required.
5
In conclusion, penetrant concentration-skin depth profiles can be predicted 6 easily by analyzing skin permeation data according to Fick's diffusion law. This 7 method will be useful for promoting the efficient preparation of topically applied drugs 8 and cosmetics. Hatanaka, T., Katayama, K., Koizumi, T., Sugibayashi, K., Morimoto, Y., 1994. In 14 Hatanaka, T., Kamon, T., Uozumi, C. Morigaki, S., Aiba, T., Katayama, K., Koizumi,
15
T., 1996. Influence of pH on skin permeation of Amino Acids. J. Pharm. Pharmacol. Ohmori, S., Hayashi, T., Kawase, M., Saito, S., Sugibayashi, K., Morimoto, Y., 2000. Table 2 pH values on the surface and dermis sides of skin before and after the permeation experiments 
